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Laser Diodes 
(λ=1082 nm)

Laser Optical Beam Port 
Boxes

•  20 laser beams top-to-bottom

•  20 laser beams bottom-to-topElectronics

Optical Fibers

The AMS-02 Tracker Alignment System Layout
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Optical Fibers
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y

z Laser Beam Port 
Boxes (LBBXs)

Laser Diodes (LFRCs)
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Laser beam access throught silicon ladders

Nominally the laser 

roads are 6mm wide. 

So there are approx. 

1mm wide margins 

on either side of the 

beams. 

A substantial effort is 

needed to fire the 

laser at the right 

angle wrt the tracker 

structure. 
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Laser beam access throught silicon ladders
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Laser beam access throught silicon ladders
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AMS alignment Si sensors 

Double sided 

110(27.5) !m  y (!B) 

Readout/metallization(implantation) 

pitch  

208(104) !m x (||B) 
readout(implantation/metallization) 

pitch (ohmic side)  

high resistivity (>6k") 

300 !m thickness 

Biassing by punch through  

low rate, low rad. load (i.e. LEP style) 

design 

8m2 

Alignment silicon sensors
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Alignment silicon sensors
Si „Ladders“ 

antireflective areas 

Laser beam(s)  

•!1082 nm  

•!0.5 mm diam 

•!0.5 mrad div.  
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AMS-02 TAS
Short description of TAS electronics

(detailed description of M-Crate tests can be found in the Electronics 
ADP from Giovanni Ambrosi)
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•! The Laser Electronics is located in M-Crate 

•! It consists of 6 boards: 

–! 5  LDDR  (laser diode driver) 

–! 1 LCTL    (trigger distribution) 

•! Each LDDR drives two laser diodes 

•! The Laser system is controlled by two USCMs 

•! There are 3 additional modules in M-Crate 

–! 1xGPS module 

–! 2xASTE 

System electronics schematic
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5 LDDR
 cards

(1 LFCR each)

USCM

A.Gross & W.Karpinski 
RWTH electronics group 

System electronic schematic

11Thursday, October 8, 2009



System electronics schematic
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System electronics schematic

1 LDDR board  is 

associated with 1 

LFCR  box and drives 

2 Laser diodes 

Essentially all registers 

and active circuits are 

2-fold redundant 
Block Diagram of LDDR 
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•! Power consumption of LDDR: 

–! digital part:         +5V@     170 mA 

–! analogue part:   +5V@      from almost 0 to 200 mA 

System electronics schematic

LDDR Board 
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The beam position is obtained performing a gaussian fit to 
the detected cluster on the ladder.

Typical AMS-2 laser single event signal as seen on silicon a wafer.

Laser Signals seen by the Tracker

 / ndf 2!  251.2 / 8

Constant  278± 3.151e+05 

Mean      0.00± 13.25 

Sigma     0.00004± 0.03639 
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 / ndf 2!  251.2 / 8

Constant  278± 3.151e+05 

Mean      0.00± 13.25 

Sigma     0.00004± 0.03639 

σ=0.36 mm

300μm

Laser beams
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AMS-02 TAS
(basic system description)
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TAS properties 

Light weight (3 kg) 

Low power (< 0.1 W) 

Fast data taking (20s) 

Highly accurate (< 5!m) 

Low power laser diodes 

100 nJ pulses are sufficent 

for observing signals in  

8 successive layer 

Antireflective coating mandatory: nSi = 3  

System features

4
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The Tracker Alignment System (TAS) generates laser energy from ten 
independent laser diodes, pairs of the diodes contained within five 
Laser Fiber Coupler (LFCR) boxes. 

This energy is generated by Eagleyard EYP-RWL-1083 infrared (1082 
nm) laser diodes with a maximum power output of 80 mW.
  
Each laser diode will emit at a maximum 1 kHz interval with a 
maximum of 8 µs pulse duration when operating.  

Each laser diode’s emissions are split into four output fibers, each with 
approximately one quarter of the total power output.  

The operation of the TAS consists of less than 1% of the AMS-02 
operational time.  

The LFCR boxes are light tight and can not release any laser emissions 
with the exception of the fiber ports where laser emission are nominal 
design features.

System features
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System features
Laser light sources generated within five light tight boxes exterior to 
the Tracker, mounted to the M-Frame (TRD M-Structure).  

Each box contains two lasers diodes that can operate at:
•
1082 nm 
•
1.0 kiloHertz pulse frequency max
•
8.0 microsecond maximum pulse duration.  
• 80mW continuous operation power (not an operations mode 

supported on AMS-02)

Within each laser source box, the emissions from the two laser diodes 
are split into four beams, each with approximately 20mW of power if the 
lasers were to be continuously powered.  

Each of these split beams is guided by a single fiber matched and 
bundled and taken to a FC-type connector. 

Internal optics misalignment or fault results in no laser emission through 
fiber and contained beam.
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System features
Outside of the box fiber optics cables connected with a FC-type 
connectors contain and direct the laser energy, with a single fiber per 
split beam.  

All fibers route the laser energy from each box to the interior of the 
Tracker.  

The fibers are split between the top and bottom (w.r.t. the Tracker) and 
terminate at five beam ports on each of the 2 Tracker outer planes.  

Each beam port (LBBX) takes the energy from four fibers and directs it 
along the central axis of the Tracker to illuminate the silicon sensors.

Tracker volume is design to be light tight, including shielded vents 
that preclude exterior light from entering, or interior laser sources 
from exiting.  

Tracker Structure acts as beam stop if misalignment occurs.
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System features

Rupture/breakage of fiber path: 

System is design to minimize the potential for breakage (clad, 
jacketed and armored fibers that are bundled within a sleeve). 
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System features
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Pulsed  Wave

Continuous  Wave

AMS-02 Laser Diode Output Classification 

Continuous  Wave
is NOT used 
in AMS-02 
operations

23Thursday, October 8, 2009



AMS-02 TAS
(A more detailed description of the System)
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have a look at
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AMS-02 TAS
Optical Fibers
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40 Optical fibers 
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Optical Fibers (LFib) Protokoll 
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AMS-02 TAS
Laser Beam Port (LBBX)
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Laser beam port 
boxes (LBBX)
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Laser beam port boxes (LBBX) 0.8 cm

!
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Laser beam port boxes (LBBX)
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Laser beam port boxes (LBBX)
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LBBX on the outer Tracker Plane

LBBX (EM) 

protruding 9mm 

above the the 

tracker outer plates 
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LBBXs Functionality Test
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LBBXs Space Qualification Test
(19/06/2008) 
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TVT Set-up
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AMS-02 TAS
Laser Fiber Coupler (LFCR)

(see tests at the end of this document)
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The optical power 

reserve based on the 

diode performance and 

the pulsing system can 

cope with this variation 

Optical
outputs 

Electrical
Inputs

Diode Fiber
Couplers

At low (< - 30°C) 

temperature the 

laser power is 

only 40 % from 

what is available 

above 10° C 

Laser Fiber Coupler  (LFCR)
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slide 26 weight reduction 2 

LFCR frame (QM) with 1 coupler and no splitters 

The fibres inside the FC 

connectors have to align with very 

high precision (< 1!m) 

electro optical adaptor casing 

machined from titanium 

Dallas sensor support 

Laser & control 

photodiode connector 

fixation hole fixation hole 

fixation 

hole 

EM to QM: 30% 

weight reduction 

by improvement 

of mech. design  

total LFCR 

weight : 350g internal fibre support 

Laser Fiber Coupler  (LFCR)
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slide 41 weight reduction 

EM #3 

241 g 

QM #2 

193 g 

Dallas sensors 

Fibre output (FC!) 

Caps will be wired 

together 

Diagnostics 

Driver 

Laser Fiber Coupler  (LFCR)
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Laser Fiber Coupler  (LFCR)

!
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Laser Fiber Coupler  (LFCR)
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Laser Fiber Coupler  (LFCR)

67Thursday, October 8, 2009



!

68Thursday, October 8, 2009



LFCRs Protokoll 
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LFCRs FacettenBilder 
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Eagleyard-LDs 
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LFCRs Pressure dependence Test
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LFCRs Space Qualification Test
(29/04/2008) 

125Thursday, October 8, 2009



126Thursday, October 8, 2009



TVT Set-up
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The End
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